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Background: De novo mutations in calmodulin genes have been recently asso-
ciated with markedly prolonged QT interval and life-threatening ventricular
arrhythmias in infants. Biochemical evidences suggested impaired calcium
ion binding to mutant calmodulins. Calcium dependent inactivation (CDI)
of L-type calcium channel (ICaL) involves the interaction between Ca2þ-
calmodulin and the channel protein. Aims: To explore the effects of two
CALM1 mutations (F142L and D130G) on electrical activity and ICaL prop-
erties in human induced-pluripotent stem cells (iPSC)-derived cardiomyocytes
(CM). Methods: Skin fibroblasts of two patients carrying the mutation
CALM1-F142L or CALM1-D130G were reprogrammed to generate iPSC
and these cells differentiated into CM; a healthy donor was selected as con-
trol. Two cell clones for each mutation were analyzed to rule out clone spec-
ificity. Patch clamp and micro electrode arrays (MEA) analyses were
performed on isolated iPSC-derived CM and beating clusters at about 40
days of differentiation respectively. ICaL was isolated in the presence of cal-
cium or barium ions as charge carriers. Results: CALM1-F142L iPSC-derived
CM showed prolonged field potential duration (FPD) with high beta-
adrenergic sensitivity; peak ICaL density was unaltered, but CDI was mark-
edly reduced and inactivation incomplete. CALM1-D130G iPSC-derived
CM showed higher ICaL density and unaltered CDI. Conclusions: F142L
and D130G calmodulin mutations differently affect ICaL properties in human
iPSC-derived CM. F142L mutation is consistent with reduced calcium affinity
of calmodulin; D130G abnormality suggests ICaL facilitation instead,
possibly resulting from upregulation of alternative calmodulin isoforms. Over-
all, both calmodulin mutations might potentially cause arrhythmogenic cal-
cium overload.
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Consistent findings of the aging heart include diastolic dysfunctions and atten-
uated b-adrenergic receptor (b-AR) stimulation of heart rate and contractility.
However, variable results were reported for the impact of aging on L-type Ca
channel (LTCC) function, the trigger of excitation-contraction. In this study,
we evaluated the impact of aging and gender on LTCC of ventricular myocytes
(VM).
VMs were isolated from LV of young and old mice (C57BL/6) hearts of both
gender and processed for whole-cell voltage clamp recording to measure
LTCC current. VMs from old male showed increased LTCC current density
compared to young VMs. LTCC peak current density were 5.7 5 0.3
pA/pF (n=33) and 12.6 5 1.7 pA/pF (n ¼ 21) (P < 0.01), for young and
old, respectively. Application of PKI, a selective PKA inhibitor, reseted
LTCC current density of old VMs to levels comparable to young VMs. PKI
application decreased LTCC peak current density by 1557% and 5955%
(P < 0.05) in young and old VMs, respectively. Lastly, we tested the impact
of aging on b-AR stimulation of LTCC. Relative to young controls, b-AR
stimulation of LTCC was attenuated in old male but not in female VMs.
Also, in VMs from female hearts, we observed no significant age-dependent
effects on LTCC.
Our novel findings show that LTCC activity is regulated in an age- and
gender-dependent manner via a PKA-dependent mechanism. This may under-
lie the diastolic dysfunction and attenuated b-AR stimulation of cardiac
contractility observed in the aging heart. Our results suggest that this age-
dependent attenuation of the b-AR/c-AMP/PKA stimulation of LTCC may
ultimately decrease the cardiac reserve and increase the susceptibility to heart
failure. Efforts to better understand the structural and functional changes
associated with aging will lead to age-appropriate successful therapeutic in-
terventions.TRP Channels I
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TRPV1 channels are important mediators of nociceptive and inflammation
processes. They can be activated by several types of physical and chemical
stimuli including high temperatures, low extracellular or high intracellular
pH and by a direct interaction with compounds such as capsaicin. Most
endogenous molecules known to interact directly or indirectly with TRPV1
are positive regulators of the activity of the channel. However, relatively
few endogenous negative regulators have been identified. Previously, we
identified cholesterol as an endogenous inhibitor of capsaicin-induced cur-
rents by virtue of its interaction with a cholesterol recognition amino acid
consensus (CRAC) sequence localized in its S5 segment. For other TRP
channels (i.e. TRPM3), there is evidence regarding the role of steroids
such as progesterone and pregnenolone sulphate as modulators of their activ-
ity. For TRPV1, the coinjection of capsaicin with pregnenolone sulphate re-
duces pain (measured as the paw-licking time) in rats. Since cholesterol is the
precursor of several steroidal molecules, and since it shares structural features
with these molecules, we explored if TRPV1 could be directly regulated by
these steroidal molecules in a similar fashion to cholesterol. By applying
pregnenolone, progesterone, testosterone and b-estradiol to excised mem-
brane patches of HEK cells expressing TRPV1, we determined that activation
of TRPV1 by capsaicin is not altered by these steroids. However, in behav-
ioral experiments, we found differences in the pain threshold induced
by capsaicin intradermal paw application between male and female wild-
type C57BL/6J mice. In these experiments the male animals were more
susceptible to capsaicin-induced pain than the female mice, suggesting that
the hormonal difference between sexes could serve as a protective factor
against this type of pain. We are currently assessing if steroidal molecules
regulate other aspects of TRPV1’s function or expression through long-
term effects.
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The Transient Receptor Potential (TRP) ion channel family is ubiquitously pre-
sent throughout mammalian systems and act as polymodal cellular sensors that
measure changes in both global and local environments and respond to a variety
of different gating stimuli including intra- and extracellular messengers, chem-
ical, mechanical and osmotic stress, temperature, growth factors and depletion
of intracellular Ca2þ stores. Given the importance of Ca2þ signalling in all cell
types and the role of TRP channels in regulating Ca2þ homeostasis, it is not sur-
prising that an abnormality in TRP channel function often results in pathogen-
esis of several diseases including channelopathies like mucolipidosis,
polycystic kidney diseases, hypertension and hypomagnesaemia with
hypocalcaemia.
Within the TRP family, TRPM8 is the cold receptor expressed in DRG neurons,
and it is also sensitive to cold mimicking substances such as menthol and icilin.
TRPM8 structure has been studied - mainly by point mutagenesis coupled to
electrophysiology. TRPM8 monomers associate as homotetramers to form a
non-selective cation channel whose selectivity to Ca2þ is about 3 times higher
than for Naþ, though selectivity filter has not been studied. Little is known on
TRPM8 structure-function relation apart that the fourth TM helix (S4) consti-
tutes a moderate voltage-sensing domain and that both cold sensor and PIP2
binding sites are located in the C-terminus of TRPM8.
